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Introduction
Many cattle producers in Kentucky manage tall fescue as their perennial forage base.
Tall fescue has served cow-calf producers well because of its productivity and
persistence with minimal management. Like most things, however, “you must take
some bad with the good.” The agronomic traits we like so much about tall fescue can
be attributed to a fungal endophyte that infects most fescue plants. Without the
endophyte, the grass is no longer productive and tolerant of environmental stresses (dry
weather, low fertility, and grazing). Unfortunately, the endophyte also produces ergot
alkaloids that cause a toxicosis in cattle, which costs the U.S. Beef Industry
approximately 1 billion dollars per year in lost production. Signs of toxicosis are: 1)
severe heat stress in moderate to warm air temperatures, 2) maintaining rough hair
coats during the summer, 3) fescue foot (loss of tail switches, ear tip, or gangrenous
condition of the lower limbs), 4) poor weight gain of calves and poor body condition of
cows. Ergot alkaloids cause constricted blood flow to peripheral tissues to incapacitate
the animal’s ability to regulate body temperature. The alkaloids also reduce the amount
of prolactin in blood circulation, which can reduce milk yields and are also thought to
adversely affect other functions (hair coat growth, growth and development).
The USDA-ARS Forage-Animal Production Research Unit was established in 2003 on
the University of Kentucky Campus. A Specific Cooperative Agreement was initiated
between FAPRU and the University’s College of Agriculture, Food and Environment
(CAFE) that facilitated a partnership between FAPRU and CAFE in the conduct of
forage-livestock research. As directed by our stakeholders, a major focus of the
research has been to increase our knowledge and understanding of how ergot alkaloids
adversely affect cattle production. The paper will discuss what FAPRU and CAFE has
accomplished with this research provide the management approaches that have been
developed to alleviate or relieve the adverse effects of ergot alkaloids.
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Ergot Alkaloid-Induced Constriction of Blood Flow
Contraction and relaxation of muscles in the walls of arteries and veins is how mammals
control blood flow to the skin for the dissipation of body heat and control of body heat.
Contraction of muscles reduces the size of the vessel and relaxation of the muscles
increases the size the vessel. A problem occurs when ergot alkaloids are absorbed into
the blood system. Ergot alkaloids bind protein receptors in the vessels that can cause
intense and persistent constriction of blood flow to the skin. Alkaloid-induced
vasoconstriction was first discovered by scientists at the University of Missouri (Rhodes
and others, 1991), but it was FAPRU and CAFE scientists that determined that
ergovaline is the most potent ergot alkaloid in inducing the vasoconstriction. It was
further discovered that the binding of ergot alkaloids is extremely tight, causing the ergot
alkaloids to accumulate in blood vessels and eventually make the animal saturated with
ergot alkaloids. Later on, FAPRU and CAFE scientists discovered that cattle can start
constricting within 48 hours after being exposed to ergot alkaloids. The problem was
further identified to be more than just restricting the animal’s ability to regulate body
temperature when it was discovered that blood flow to the gut was reduced by as much
as 50% in reducing the absorption of nutrients. Therefore, cattle exposed to ergot
alkaloids were further shown to have less nutrient efficiency, which provided another
piece of the puzzle on why growth performance and body condition can suffer for cattle
grazed on toxic tall fescue pasture.
Prolactin – The Milk Hormone
Reduced weaning weights have always been linked to low concentrations of prolactin
that are consistently observed in cattle exhibiting signs of toxicosis. Reduced milk
yields of cows grazing toxic fescue was first reported by ARS scientists at the USDAARS Dale Bumpers Small Farms Research Center (Brown and others, 1993). Prolactin,
however, has been linked to seasonal hair growth by scientists at Idaho State (Rose
and others, 1987), who suggested that prolactin may inhibit hair growth. Growth of the
winter hair coat was associated with typically low concentrations of prolactin during the
late fall to early spring months that allow excessive hair growth, but higher prolactin that
occurs with longer days from late spring to early fall result in shedding of the winter hair
coat and inhibition of excess growth of the summer hair coat. Research conducted by
FAPRU and CAFE determined that 80% of the rough hair coat on fescue cattle during
the summer is actually summer hair coat that grows excessively in length.
Managing Around Fescue Toxicosis
2

A CAFE forage breeder, Dr. Tim Phillips, developed a late-maturing tall fescue
(KYFA9301) and FAPRU conducted a grazing trial to evaluate the tall fescue that was
infected with the AR584 nontoxic endophyte. Steer weight gain was similar to
endophyte-free tall fescue and fescue toxicosis was alleviated. The new tall fescue was
later maturing than Kentucky 31 and MaxQ tall fescues, which allowed for these
pastures to support more steer numbers in the late spring and early summer. This new
tall fescue will soon be commercially released as ‘Lacefield’ novel endophyte tall fescue.
A grazing evaluation with steers grazing toxic endophyte-infected tall fescue determined
that feeding soybean hulls at approximately 0.8% of body weight can increase daily
weight by 30% and reduce the severity of toxicosis. The feeding strategy was found to
be cost effective over a wide range of soybean hull prices and cattle markets.
Rapid consumption of toxic seed heads of tall fescue by steers was observed by
FAPRU and CAFE scientists to occur when seed are immature. During the time of
consumption, the ergot alkaloid concentrations in the seed were less than those of
mature seed, but were above 1.0 part per million. Treatment of tall fescue with
metsulfuran, an active ingredient in Chaparral® Herbicide (Dow Agrosciences;
Indianapolis, IN), was determined to suppress emergence of toxic seed heads of tall
fescue and increase crude protein and digestibility by keeping the stand vegetative.
Suppression of fescue seed heads were determined to increase daily weight of steers
and reduce the severity of toxicosis.
Summary
Table 1 provides a list of the accomplishments for the FAPRU and CAFE partnership
that were discussed above. Research conducted by the FAPRU and CAFE partnership
over the last dozen years has provided useful knowledge of the mechanisms used by
toxic ergot alkaloids to render cattle vulnerable to severe heat stress and to the fescue
foot malady. New technologies have also been developed that can either alleviate or
mitigate the adverse effects that ergot alkaloids have on cattle that grazing toxic
endophyte-infected tall fescue.
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Table 1. A chronological list of accomplishments in fescue toxicosis research
conducted by the partnership between USDA-Agricultural Research Service’s ForageAnimal Production Research Unit (FAPRU) and the University of Kentucky’s College of
Agriculture, Food, and Environment (CAFE). Scientific papers can be provided upon
request.
Accomplishment (Year reported)
Investigators
Ergovaline is the most potent ergot alkaloid in
J.L. Klotz1, J.R. Strickland1, and L.P.
causing constriction of blood vessels (2007).
Bush2
Ergot alkaloids bioaccumulate in blood vessels J.L. Klotz1, J.R. Strickland1, and L.P.
(2009).
Bush2
Constriction of blood flow in cattle exposed to
G.E. Aiken1, and L.P. Bush2
ergot alkaloids can occur within 48 hours from
initial exposure (2007, 2009).
Ergot alkaloids reduces blood flow to the gut,
A.P. Foote3, A.M. Egert3, D.L.
which reduces nutrient absorption (2014).
Harmon2, and J.L. Klotz1
A novel endophyte infected tall fescue
J.M. Johnson3, T.L. Phillips2, and
developed by the University of Kentucky and
G.E. Aiken1
AgResearch NZ Ltd. is nontoxic and has
potential use for grazing (2012).
Feeding soybean hulls to steers grazing toxic
J.M. Carter3, G.E. Aiken1, and
endophyte tall fescue can increase weight gain C.D.Dougherty2
performance and mitigate toxicosis (2008).
Rough summer hair coats are primarily
G.E. Aiken1 and J.M. Carter3
composed of excessive growth of summer hair
coat (2011).
Emergence of toxic seed heads of tall fescue
G.E. Aiken1, and W.W. Witt2
can be chemically suppressed (2012).
Chemical suppression of tall fescue seed
B. Goff3, G.E. Aiken1, and W.W.
heads can increase crude protein and
Witt2
digestibility (2015).
1 FAPRU scientist
2 CAFE faculty member when research was conducted
3 CAFE graduate student when research was conducted
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